DATA STORAGE CARTRIDGE LOADING SYSTEM 



BACKGROUND OF THE INVENTION 

[0001] Data storage drives have been used to read data from and write data 
to removable data cartridges. These removable data storage cartridges may include a 
disk-shaped data storage medium having a rotatable hub provided at the center of the 
disk. Some data storage drives include a "soft load" mechanism, which receives a data 
cartridge inserted into a load port of the drive, and translates the cartridge to couple the 
hub in the data cartridge with a spindle mechanism in the drive. The loading mechanism 
typically translates the cartridge first in a lateral direction to draw the cartridge fully into 
the drive, and second in a downward direction to lower the cartridge onto the stationary 
spindle. After coupling, the spindle rotates the data storage medium past a radially 
positionable read/write head, which can read data from and/or write data to various 
locations on the data storage medium. 

[0002] This drive design may be sufficient when used with a read/write 
head having a mass and size such that it can easily be translated within the drive in order 
to read data from the annular tracks on the disk media. This is particularly true with 
magnetic disk drives, which utilize a tiny read/write head mounted on a thin slider that 
can be easily positionable using a voice coil mechanism. However, some data storage 
technologies utilize read/write heads that are larger, more massive, or more complex, 
making it difficult to utilize conventional drive designs and loading mechanisms. 
Accordingly, there is a need for an improved design for a data storage drive loading 
mechanism. 

BRIEF SUMMARY OF THE INVENTION 

[0003] In accordance with embodiments of the present invention, a data 
drive is provided. The data drive comprises a drive base; a data transfer mechanism 
coupled to the drive base; a carriage assembly for receiving a cartridge containing a data 
storage medium; and a carriage assembly actuator coupled to the drive base for 
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translating the carriage assembly to expose a plurality of radial positions of the data 
storage medium to the data transfer mechanism. 

[0004] In accordance with other embodiments of the present invention, a 
method of operating a data drive is provided. The method comprises receiving a data 
storage cartridge containing a rotatable data storage medium into a carriage assembly; 
translating the carriage assembly across a data transfer mechanism; and reading data from 
the data storage medium using the data transfer mechanism as the carriage assembly is 
being translated across the data transfer mechanism. 

[0005] In accordance with other embodiments of the present invention, a 
data drive is provided. The data drive comprises: a data transfer mechanism; a carriage 
assembly for receiving a cartridge containing a data storage medium and having a 
movable shutter having a shutter lock; and a shutter opener comprising a lock release for 
releasing a lock on the cartridge. 

[0006] In accordance with other embodiments of the present invention, a 
method of operating a data drive is provided. The method comprises: receiving into a 
data drive a data storage cartridge having a movable shutter configured to expose a data 
storage medium in the data storage cartridge when the shutter is in an open position; and 
after the shutter of the data storage cartridge has been completely received into the data 
drive, moving the shutter into the open position. 

[0007] Other features and aspects of the invention will become apparent 
from the following detailed description, taken in conjunction with the accompanying 
drawings which illustrate, by way of example, the features in accordance with 
embodiments of the invention. The summary is not intended to limit the scope of the 
invention, which is defined solely by the claims attached hereto. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] FIG. 1 is a perspective view of a data drive assembly, in accordance 
with embodiments of the present invention. 

[0009] FIG. 2 is an exploded view of a cartridge carrier, in accordance with 
embodiments of the present invention. 

[0010] FIGS. 3A-3B are additional views of a data drive assembly having 
various components removed for clarity, in accordance with embodiments of the present 
invention. 

[0011] FIG. 4 is a flowchart showing a process of operating a data drive in 
accordance with embodiments of the present invention. 

[0012] FIGS. 5A-5D are various views of a data drive assembly with a 
cartridge partially inserted therein, in accordance with embodiments of the present 
invention. 

[0013] FIGS. 6A-6B are top and side views of a shutter opener, in 
accordance with embodiments of the present invention. 

[0014] FIGS. 7A-7C are various views of a data drive assembly with a 
cartridge fully inserted therein, in accordance with embodiments of the present invention. 

[0015] FIG. 8 is a perspective view of a data drive assembly with the 
carriage assembly in a first position, in accordance with embodiments of the present 
invention. 

[0016] FIG. 9 is a perspective view of a data drive assembly with the 
carriage assembly in a second position, in accordance with embodiments of the present 
invention. 
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[00171 FIGS. 10A-10B are perspective views of a data drive assembly 
having a data transfer mechanism, in accordance with embodiments of the present 
invention. 

[0018] FIGS. 1 1 A-l 1C are perspective views of a load plate motor 
assembly, in accordance with embodiments of the present invention. 

[0019] In the following description, reference is made to the accompanying 
drawings which form a part thereof, and which illustrate several embodiments of the 
present invention. It is understood that other embodiments may be utilized and structural 
and operational changes may be made without departing from the scope of the present 
invention. The use of the same reference symbols in different drawings indicates similar 
or identical items. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] FIG. 1 shows a perspective view of a data drive assembly 100, in 
accordance with embodiments of the present invention. A data storage drive may include 
the data drive assembly 100 enclosed within a drive housing having a drive bezel (not 
shown). The data storage drive may, in turn, be provided as part of a cartridge library or 
other computer system. The data drive assembly 100 comprises a drive base 101 and a 
carriage assembly 102. The carriage assembly comprises a movable cartridge carrier 104 
and a movable sled 106. The carrier 104 includes a load port 108 through which a data 
storage cartridge passes when the cartridge is being loaded into the data drive assembly 
100. A drive door 109 may be provided for covering the load port 108 when the data 
storage device is in use. 

[0021] The data drive assembly 100 further comprises a carrier loading 
assembly 110 which is configured to translate the carrier 104 either from a load position 
to an unload position or from an unload position to a load position. The carrier loading 
assembly 110 comprises a load plate 112 and a carrier cam 114. The data drive assembly 
100 also comprises a pair of carrier guides 120, one positioned on either side of the 
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carrier 104. Each carrier guide 120 may include one or more guide slots 122 which 
receive guide pins 124 protruding from the sides of the carrier 104. These guide slots 
122 may be L-shaped in order to guide the carrier 104 from the unload position to the 
load position, as will be described in greater detail below. In the illustrated embodiment, 
the carrier guides 120 are formed from a single sheet of metal formed in a U-shape. 

[0022] In accordance with aspects of the present invention, the carrier 104 
is configured to receive a data storage cartridge when in the unload position, as shown in 
FIG. 1. After a cartridge is inserted, the carrier loading assembly 110 drives the carrier 
104 to move from the unload position to a load position such that a hub provided on the 
data storage cartridge is mated with a spindle 107 (shown in FIG. 3 A) provided on the 
sled 106. A data transfer mechanism 300 (shown in FIGS. 10A-10B) may be fixedly 
mounted onto the drive base for reading data from and/or writing data to the storage 
medium contained within the data storage cartridge. Because the data transfer 
mechanism 300 has a fixed position, the sled 106 is configured to move back and forth in 
a horizontal x-direction along rails 125 to enable the data transfer mechanism 300 to read 
data from the entire surface of the storage medium. A carriage motor 172 (shown in 
FIG. 10B) may be used to rotate a leadscrew 174, which, in turn, may be coupled to the 
sled 106, thereby actuating horizontal movement of the sled 106. 

[0023] As used herein, the term "data transfer mechanism" is defined as a 
mechanism which can either: (1) read data from a data storage medium; (2) write data to 
a data storage medium; or (3) read data from and write data to a data storage medium. 
Various methods can be used for storing and reading the data, including, e.g., optical, 
magneto-optical, magnetic, and electrical. In some embodiments, a holographic 
read/write assembly may be used as the data transfer mechanism. 

[0024] FIG. 2 is an exploded view of the cartridge carrier 104. The 
illustrated embodiment includes a shutter opener 130 having a shutter opener body 132 
and a lock release. The lock release comprises a boss 134 having a lock release portion 
136 and a shutter opening portion 138. The shutter opener 130 is configured to rotate 
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about a rotation pin 144 and is guided in its rotation by guide pin 140, received in guide 
slot 142. A shutter opener lock 1 80 having a lock pin 182 is provided for releasably 
locking the shutter opener 130 in the open position (as shown in FIG. 2) when the drive is 
in operation with a cartridge loaded therein, as will be described in greater detail below. 
A lock release tab 188 is provided for releasing the shutter opener lock 180 during the 
unload process. 

[0025] FIGS. 3A-3B are additional views of the data drive assembly 100, 
having certain components removed for clarity. In FIG. 3 A, the carrier 104 is removed, 
exposing the sled 106 and the spindle 107. FIG. 3B shows the drive base 101, having the 
carriage assembly 102 (comprising the carrier 104 and the sled 106) and the carrier guide 
120 removed. A load plate motor 150 can be seen in this figure. The motor 150 is 
coupled to the load plate 112 through a gear assembly 152 to actuate linear movement of 
the load plate 112 during the loading process. 

[0026] FIG. 4 is a flowchart showing a process of operating a data drive in 
accordance with embodiments of the present invention. In step 401, a data storage 
cartridge 200 is inserted into the cartridge carrier 104. In step 402, the carrier 104 is 
translated to be mated with the sled 106. After the carrier 104 and the sled 106 are 
mated, they are translated together in step 403 relative to a data transfer mechanism 300 
(shown in FIGS. 10A-10B). In step 404, as the carrier 104 and the sled 106 are 
translating past the data transfer mechanism 300, the data transfer mechanism 300 is used 
to read data from and/or write data to the data storage medium 210 contained within the 
data storage cartridge 200. 

[0027] FIGS. 5A-5D illustrate the state of the data drive assembly 100 
during step 401. FIG. 5 A shows a perspective front view of the data drive assembly 100 
in which the cartridge carrier 104 is in the unload position with the cartridge 200 partially 
inserted therein. FIG. 5B is a top view, FIG. 5C is a side view, and FIG. 5D is a 
perspective rear view of the same state illustrated in FIG. 5 A. 
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[0028] In some embodiments of the present invention, the loading of the 
cartridge 200 into the carrier 104 is performed manually by the user or by a mechanical 
robotic insertion device, without assistance from the data drive assembly 100. In 
addition, the carrier 104 may be provided with a shutter opener 130 for opening a shutter 
220 on the cartridge 200. The shutter opener 130 may be provided with a boss 134 that 
can be used to both unlock the shutter 220 and to slide the shutter 220 to the side, thereby 
exposing the storage medium 210. As shown in FIG. 5D, when the cartridge 200 is 
inserted into the carrier 104 a first distance in the x-direction, the boss 134 enters a 
shutter slot 222 in the shutter 220. Inside the shutter slot 222 is a lock actuator 224, 
which is coupled to a shutter lock within the cartridge 200. The shutter lock prevents the 
shutter 220 from opening unless the lock actuator 224 is depressed. FIGS. 6A-6B show 
top and side views of an exemplary shutter opener 130. 

[0029] As the cartridge 200 is inserted deeper into the carrier 104 in the 
positive x-direction, the top portion (i.e., the lock release portion 136) of the boss 134, 
which has a larger diameter than the bottom portion (i.e., the shutter opening portion 
138), applies a pressure in the negative y-direction onto the lock actuator 224. As the 
cartridge 200 continues moving rearward in the positive x-direction, the shutter slot 222 
applies a force in the positive x-direction onto the boss 134, causing the boss 134 to 
travel with the cartridge 200 in the x-direction. Because the shutter opener 130 is 
rotatably mounted to rotation pin 144, as the boss 134 is pushed in the x-direction, the 
rotational path of travel of the boss 134 causes the boss 134 to simultaneously travel in 
the negative y-direction (as indicated by the axes illustrated in FIG. 5D). This movement 
enables the boss 134 to travel together with the cartridge 200 in the x-direction, while 
applying a force against the shutter slot 222 in the negative y-direction. 

[0030] Because the lock release portion 136 and the shutter opening portion 
138 are differently sized, they contact the shutter slot 222 at different points. In the 
illustrated embodiment, the lock release portion 136 has a radius that is 1.0mm larger 
than the radius of the shutter opening portion 138. Thus, the upper portion of the boss 
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134 (i.e., the lock release portion 136) causes the lock actuator 224 to be depressed into 
the cartridge 200, thereby unlocking the shutter lock. After the shutter lock is released, 
the smaller diameter lower portion of the boss 134 (i.e., the shutter opening portion 138) 
contacts the edge of the shutter slot 222 and pushes the shutter 220 in the negative y- 
direction, thereby opening the shutter 220. 

[0031] When the cartridge 200 has been fully inserted into the carrier 104, 
the boss 134 will have drawn the shutter 220 into the fully open position, as shown in 
FIGS. 7A-7C. FIG. 7 A is a view of the bottom of the cartridge carrier 104 with the 
cartridge 200 fully inserted therein. FIG. 7B shows a front perspective view and FIG. 7C 
shows a rear perspective view of the same state. Here, it can be seen that when the 
shutter 220 is fully open, a media aperture 226 in the cartridge 200 is exposed. A portion 
of the top and bottom surfaces of the storage medium 210 are exposed by the media 
aperture 226. As the hub 228 at the center of the storage medium 210 is rotated by the 
spindle 107, successive portions of the storage medium 210 are exposed by the media 
aperture 226. This enables the data transfer mechanism 300 to access the complete 
surface of the storage medium 210, as will be described in further detail below. 

[0032] A cartridge present sensor may be provided near the back end of the 
carrier 104 to detect when a cartridge 200 has been fully inserted into the carrier 104. 
The cartridge present sensor may comprise a spring-loaded plunger that contacts the 
cartridge 200 towards the end of the cartridge's insertion into the carrier 104. When the 
cartridge 200 is fully inserted, the plunger breaks an IR beam powered by leads 192. 
This break in the IR beam is detected by a phototransistor, which then transmits a signal 
along leads 194 to a controller for the data drive assembly 100, indicating that the 
cartridge 200 has been fully inserted. This may instruct the controller to initiate the next 
step in the loading process. 

[0033] In step 402, the carrier 104 is translated to move from an unload 
position (as shown in FIGS. 7B-7C) into a load position (as shown in FIGS. 8) to mate 
with the sled 106. A carrier loading assembly 110 may be provided to actuate the 
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movement of the carrier 104, as shown in FIG. 8. As described above, the carrier loading 
assembly 1 10 may comprise a load plate 112. The load plate motor 150 drives the gear 
assembly 152, which, in turn, causes movement of the load plate 1 12 in the x-direction. 
This is shown in FIGS. 1 1 A-l 1C, which show top, front, and bottom views of the load 
plate motor 150 and gear assembly 152. A pin 156 provided in the last gear of the gear 
assembly 152 mates with a slot 158 in the load plate 1 12. Rotation of the last gear 
through a 180° angle causes the pin 156 to rotate in a circular path. The slot 158 
translates this circular movement into linear movement of the load plate in the x- 
direction. 

[0034] The load plate 112 includes an L-shaped cam guide slot 1 1 8, which 
receives a guide pin 1 1 5 on the carrier cam 114. The carrier guide 120 includes three re- 
shaped guide slots 122, which receive the guide pins 124 on the carrier. 

[0035] The carrier cam 1 14 is provided with a load arm 126 and an unload 
arm 127. When the load plate 1 12 is driven in the x-direction, the cam guide slot 118 
applies a force against the carrier cam guide pin 1 15, causing the carrier cam 1 14 to 
rotate about its axis 128. As shown in FIG. 7B, this rotation is in the clockwise direction. 
This causes the load arm 126 of the carrier cam 1 14 to contact the driving guide pin 124a 
and push the driving guide pin 124a along the horizontal first segment of the guide slot 
122. Guide pins 124b-124c also travel along the horizontal first segments of the guide 
slots 122b-122c to provide additional support for the carrier 104. The travel of the guide 
pins 124a- 124c causes the carrier 104 to move in the rearward x-direction until the 
driving guide pin 124a reaches the end of the horizontal first segment of the guide slot 
122a. 

[0036] At this point, the hub 228 on the cartridge 200 is positioned directly 
above the spindle mechanism 107. Now, in order to mate the hub 228 with the spindle 
107, the carrier 104 is lowered onto the sled 106. This can be accomplished by 
continuing to move the load plate 1 12 in the rearward direction, which causes the carrier 
cam 1 14 to continue to rotate. After the guide pins 124 have reached the end of the first 
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segments of the guide slots 122, the carrier cam 114 will have rotated sufficiently far that 
the load arm 126 has begun to apply a downward force onto the guide pin 124a. This 
causes the guide pin 124a to travel along the vertical second segment of the guide slot 
122a. Accordingly, the carrier 104 begins to travel in the downward negative z-direction. 
Once the guide pins 124 have reached the ends of the vertical second segments of the 
guide slots 122, the carrier 104 will have been fully lowered onto the sled 106, thereby 
mating the hub 228 with the spindle 107. 

[0037] In accordance with some embodiments of the present invention, a 
carrier locking assembly may be provided. The carrier locking assembly may comprise a 
lock cam 160 and a lock plate 162. The lock plate 162 may include a pair of lock plate 
guides 164, which mate with lock plate pins 166 on the carrier guide 120. As the carrier 
cam 1 14 reaches the end of its rotational travel during the carrier loading process, a tip 
154 of the load plate 1 12 contacts a pin 161 on the lock cam 160, causing the lock cam 
160 to rotate about a lock cam pivot pin 163 on one end of the lock cam 160. The other 
end of the lock cam 160 is coupled to the lock plate 162 such that as the lock cam 160 
rotates, the lock plate 162 is driven in the negative x-direction. The movement of the 
lock plate 162 positions a pair of locking portions 168 (one of which is partially hidden 
behind the lock cam 160) of the lock plate 162 snugly against the top of the guide pins 
124b- 124c, as shown in FIG. 8. With the locking portions 168 in this position, the guide 
pins 124b- 124c are prevented from traveling back up the vertical second segments of the 
guide slots 122b- 122c, thereby preventing the carrier 104 from uncoupling with the sled 
106. This helps to retain the cartridge 200 in place during operation of the drive. 

[0038] During the unloading process, when the carrier 104 is uncoupled 
from the sled 106, the load plate 112 moves in the negative x-direction, causing the 
carrier cam 1 14 to rotate in the opposite direction from the rotational direction during the 
coupling process. During this rotation, the unload arm 127 contacts a unload surface 169 
of the lock cam 160, causing the lock cam 160 to rotate. The rotation of the lock cam 
160 moves the lock plate 162 in the positive x-direction such that the pins 124b- 124c are 
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•free to move vertically through the vertical segments of the slots 122b- 122c before the 
unload arm 127 contacts the pin 124a on the carrier 104. 

[0039] As the load plate 112 approaches the end of its travel in the negative 
x-direction during uncoupling, the door cam 311 contacts a surface 167 on the lock plate 
162, moving the lock plate 162 further in the positive x-direction. This movement of the 
lock plate 162 causes the lock cam 160 to rotate further, creating additional clearance 
between the carrier cam 114 and the lock cam 160 for subsequent loads. In addition, the 
door cam 311 may further prevent the lock plate 1 62 from moving in the negative x- 
direction accidentally. This movement may cause the locking portions 168 to block the 
vertical portions of the guide slots 122b- 122c. 

[0040] The load and unload points for the load plate 112 can be sensed by, 
for example, implementation of a pair of magnets 352 on the last gear of the gear 
assembly 152 (as shown in FIGS. 1 1 A-l 1C). These magnets 352 may be sensed by 
implementation of fixed Hall Effect sensors 350 on the gear housing, one for the load 
endpoint and one of the unload endpoint. 

[0041] The carrier 104 mated with the sled 106 together with the carrier 
guide 120, the lock cam 160, and the lock plate 162 form a carriage assembly 102. This 
carriage assembly 102 can be translated as a unit back and forth in the positive and 
negative x-direction along the rails 125. FIG. 8 shows the carriage assembly at one end 
of its travel and FIG. 9 shows the carriage assembly at the other end of its travel. This 
movement of the carriage assembly 102 can be particularly advantageous when the data 
drive includes a stationary data transfer mechanism 300. As described above, many 
conventional data drive systems utilize a read/write head that travels back and forth 
across the rotating storage media in a stationary cartridge. In these systems, it is 
unnecessary to move the storage media in order for the read/write head to access the 
entire media surface. In contrast, in accordance with embodiments of the present 
invention, a stationary data transfer mechanism may be utilized. 
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[0042] FIGS. 10A-10B show one embodiment in which the stationary data 
transfer mechanism comprises a holographic read/write assembly 300 and the storage 
medium 210 comprises a holographic storage medium 210. Examples of holographic 
storage are described in detail in U.S. Patent No. 5,719,691, entitled, "Phase Correlation 
Multiplex Holography," to Curtis et al., issued February 17, 1998, and U.S. Patent No. 
6,191,875, entitled, "Process for Holography Using Reference Beam Having Correlated 
Phase Content," to Curtis et al., issued February 20, 2001, incorporated by reference 
herein in their entireties. Holographic data storage systems store information or data 
based on the concept of a signal beam interfering with a reference beam at a holographic 
storage medium. The interference of the signal beam and the reference beam creates a 
holographic representation, i.e., a hologram, of data elements as a pattern of varying 
refractive index and/or absorption imprinted in a volume of a storage or recording 
medium such as a photopolymer or photorefractive crystal. 

[0043] In holographic data storage (HDS), light from a coherent laser 
source is split into two beams, signal (data-carrying) and reference beams. Digital data to 
be stored are "encoded" onto the signal beam via a spatial light modulator (SLM). The 
data are arranged into data pages or large arrays, and these data pages are translated into 
pixels of the spatial light modulator that either block or transmit light. The light of the 
signal beam traverses through the modulator and is therefore encoded with the 
"checkerboard" pattern of the data page. This encoded beam then interferes with the 
reference beam through the volume of a photosensitive recording medium, storing the 
digital data pages. The interference pattern induces modulations in the refractive index of 
the recording material yielding diffractive volume gratings. The reference beam is used 
during readout to diffract off of the recorded gratings, reconstructing the stored array of 
bits. The reconstructed array is projected onto a pixelated detector, such as a CMOS 
photo-detector array or the like. The detector reads the data in parallel, and the data can 
then be decoded into the original encoded data. 
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[0044] Due to the size and design of the holographic read/write assembly 
300, it may be desired to maintain the assembly 300 in a stationary position. Thus, as the 
storage medium 210 rotates about its hub 228, only a small annular region (e.g., a single 
track on the disk) is exposed to the read/write assembly 300 at any given moment. 
Therefore, the read/write assembly 300 can only read data from that region. Accordingly, 
in order to enable the read/write assembly 300 to access successive annular regions of the 
storage medium 210, the carriage assembly 102, which is carrying the cartridge 200, is 
translated along the rails 125. FIG. 10A shows the carriage assembly at one end of its 
travel and FIG. 10B shows the carriage assembly at the other end of its travel. A carriage 
assembly actuator 170 may be provided to translate the carriage assembly. The carriage 
assembly actuator 170 may comprise a carriage motor 172 coupled through gears to a 
carriage screw 174. The sled 106 may include a nut which couples with the carriage 
screw 174, thereby translating the rotational movement of the carrier screw 174 into 
linear movement of the sled 106. A control system may be provided to control the 
movement of the carriage assembly to expose the desired tracks to the holographic 
read/write assembly 300 during operation of the data drive. 

[0045] In accordance with various embodiments of the present invention, 
additional features may be added to the data drive assembly 100. For example, a shutter 
opener lock 180 (shown, for example, in FIGS. 2 and 7A) may be provided to retain the 
shutter opener 130 in the open position during operation. A pair of guide slots 186 on the 
shutter opener lock 180 mate with guide pins 187 on the carrier 104 to enable the shutter 
opener lock 180 to translate a short distance in the x-direction to provide clearance for the 
flange on the shutter opener body 132 that mates with the shutter lock pin 182. The 
shutter opener lock 180 may be releasably retained in place as shown in FIG. 7A using a 
spring 184 (shown in FIGS. 7B-7C). The shutter opener lock 180 may be used to offset 
the bias provided by shutter opener spring 136 (as shown in FIG. 7 A), which biases the 
shutter opener 130 towards the unloaded position (shown in FIG. 5D). 
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[0046] The shutter opener lock 1 80 is released when the lock release tab 
188 is contacted by the carrier guide 120 during the unloading process. The carrier guide 
120 applies a force in the positive x-direction onto the release tab 188, thereby causing 
the shutter opener lock 180 to translate slightly in the x-direction. This releases the 
shutter opener body 132 from the shutter lock pin 182. The shutter opener spring 136, 
which applies a force onto the shutter opener 130, urges the shutter opener 130 to return 
to the unloaded position. 

[0047] A pair of flexible cartridge retaining flanges 1 96 may also be 
provided on the carrier 104 to assist in retaining the cartridge 200 in place during 
operation. These flanges 196 may be received in recesses provided on the cartridge 
housing 230, biasing the cartridge 200 downward onto the bottom of the carrier 104. 

[0048] In some embodiments, a drive door 109 is provided to cover the load 
port 108 when a cartridge 200 is inserted into the carrier 104. This may be particularly 
advantageous in applications where the data storage medium 210 is sensitive to ambient 
light, such as with holographic storage media. It may be desirable to have the data drive 
assembly 100 automatically open and close the drive door 109 at appropriate points 
during the loading and unloading of the cartridge 200. This may be utilized in systems 
where the user must manually pull the cartridge 200 out of the carrier 104 during the 
unloading process. The drive door 109 may be configured to open after the carrier 104 
has fully uncoupled from the sled 106 and has completed its travel from the load position 
(wherein the carrier 104 is coupled with the sled 106) to the unload position (wherein the 
cartridge 200 is positioned at the load port 108 for easy removal by the user). 

[0049] In the embodiment shown in FIG. 5A-5C, the drive door 109 is 
configured to rotate about a door axis 318. The drive door 109 may be opened and closed 
by a rotatable drive door cam 311. One end of the drive door cam 311 includes a pin 3 1 7 
that is guided by a guide slot 3 13 in the load plate 112. As the load plate 1 12 is translated 
in the x-direction during the movement of the carrier 104 from the unload to the load 
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position, the guide slot 313 applies a force onto the guide pin 317 causing the drive door 
cam 31 1 to rotate about axis 316. 

[0050] The opposite end of the drive door cam 3 1 1 includes a drive door 
pin 314. As the cartridge 200 is withdrawn sufficiently far to clear the load port 108, the 
drive door 109 is drawn by gravity to close. A spring may additionally be provided to 
bias the door 109 in the closed position. The drive door pin 314 is positioned underneath 
a flange 320 in the drive door 109, and as the drive door cam 311 rotates, the drive door 
pin 314 guides the drive door 109 into the closed position (as shown in FIG. 8). One the 
door 109 is closed, a door lock flange 321 is positioned against the drive door pin 314 (as 
shown in FIG. 8), preventing the door 109 from being inadvertently opened. This can 
prevent a user from attempting to insert another cartridge into the carrier 104 after a 
cartridge 200 has already been loaded therein. 

[0051] The opening of the drive door 109 is performed in a similar fashion. 
During the movement of the carrier 104 from the load position to the unload position, the 
load plate 112 translates in the negative x-direction. This causes the guide pin 317 to 
rotate the drive door cam 31 1 in the opposite direction. This causes the drive door pin 
314 to apply a force onto the flange 320 in the positive z-direction, which, in turn, raises 
the door 109 into the open position. 

[0052] Data drive systems incorporating the above-described data drive 
assembly may achieve numerous advantages over existing systems. For example, due to 
the similarity in size and shape of various data storage cartridge types, it may be desirable 
for the data drive to be configured to determine whether the proper type of cartridge is 
being loaded into the data drive. In accordance with aspects of the present invention, the 
data drive assembly 100 may be configured such that only the desired type of data 
storage cartridge 200 may be successfully loaded into the data drive. Other types of 
cartridges will be prevented from being loaded into the drive. 
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[0053] One method of preventing the loading of the wrong type of data 
storage cartridge is by providing a load port 108 having dimensions that precisely fit the 
dimensions of the correct cartridge type. However, this may not prevent insertion if the 
cartridge being inserted into the carrier 104 has similar or smaller dimensions than the 
intended cartridge type. 

[0054] Another method of preventing the loading of the wrong cartridge 
type utilizes the shutter opener 130. As described above, the boss 134 of the shutter 
opener 130 is received in a shutter slot 222 on the cartridge 200. If the inserted cartridge 
does not have a shutter slot in the same position as the shutter slot 222 in the cartridge 
200, the boss 134 will contact the edge of the cartridge and not be received into any slot. 
Thus, as the cartridge is inserted further into the carrier 104, the boss 134 will slide along 
the front edge of the cartridge and will not be capable of opening the cartridge shutter. 
Finally, when the shutter opener 130 has reached its fully loaded position (as shown in 
FIGS. 7A-7C), the boss 134 will be pressed against the edge of the cartridge, preventing 
the cartridge from being fully inserted into the carrier 104. Thus, the edge of the 
cartridge will not trigger the cartridge present sensor and the data drive assembly 100 will 
not continue to the next loading step. This will indicate to the user that the wrong type of 
cartridge has been inserted into the drive. 

[0055] In accordance with embodiments of the present invention, the 
cartridge 200 is a holographic storage cartridge having external dimensions similar to or 
identical to a standard magneto-optical cartridge. However, the shutter slot 222 is 
provided at a different location along the front edge of the cartridge to prevent 
inadvertent loading, as described above. 

[0056] In accordance with other aspects of the present invention, the 
carriage assembly 102 (comprising the carrier 104 coupled with the sled 106) may be 
translated separately from the carrier loading assembly 110 used to load the carrier 104 
onto the sled 106. As shown in FIGS. 8-9, the load plate 1 12 and the carrier cam 1 14 
remain in place after the carrier 104 has been lowered onto the sled 106, while the carrier 
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104, the sled 106, the carrier guide 120, the lock cam 160, and the lock plate 162 can 
translate back and forth in the x-direction in order to expose the storage medium 210 to 
the read/write assembly 300. This detachment of the carriage assembly 102 from the 
carrier loading assembly 110 can help to reduce the mass and size of the portion of the 
data drive assembly 100 that is translated during operation. 

[0057] In accordance with other aspects of the present invention, the data 
drive assembly 100 is configured to open the cartridge shutter 220 only after the cartridge 
200 has been inserted a predetermined distance into the carrier 104. This may be 
particularly advantageous in applications where the data storage medium 210 is sensitive 
to ambient light, such as with holographic storage media. In these embodiments, it may 
be desirable to configure the data drive assembly 100 such that the shutter opener 130 
does not begin to open the shutter 220 until after the cartridge 200 has been received 
sufficiently far into the data drive that the storage medium 210 is not exposed to ambient 
light. This distance may be, for example, 50% of the cartridge 200 has been received into 
the carrier 104. This can help to ensure that the shutter 220 will not expose the storage 
medium 210 to light entering the drive through the load port 108. In other embodiments, 
the percentage of the cartridge body that is received into the carrier 104 before the shutter 
220 begins to open may be, for example, 40%, 60%, 70%, 80%, 90%, or 100% of the 
cartridge body. In yet other embodiments, the shutter opener 130 does not begin to open 
the shutter 220 until after the entire shutter 220 has been received into the carrier 104. 

[0058] In the embodiments described above with respect to FIGS. 1-10, the 
shutter opener 130 is configured to open the shutter 220 after approximately 69% of the 
cartridge body has been received into the carrier 104, as measured from the location of 
the drive door axis 318. The data drive containing the data drive assembly 100 may be 
longer than conventional MO data drives in order to accommodate the increased depth of 
insertion of the cartridge 200. 

[0059] The foregoing description of the preferred embodiments of the 
invention has been presented for the purposes of illustration and description. It is not 
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intended to be exhaustive or to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the above teaching. For example, 
although the embodiments described above refer to holographic storage systems, in other 
embodiments the data drive may use a different data storage method, such as, for 
example, optical storage, magneto-optical storage, magnetic, or electronic storage. 
Exemplary cartridges that may be used with the data drive assembly 100 above are 
described in greater detail in co-pending U.S. patent applications filed on even date 
herewith: "DATA STORAGE CARTRIDGE," to Hertrich, serial no. (unknown), 
attorney docket no. 495813005000, and "CARTRIDGE SHUTTER MECHANISM," to 
Hertrich, serial no. (unknown), attorney docket no. 495813005200, the disclosures of 
which are incorporated by reference herein in their entireties. 

[0060] In addition, in the above-described embodiments, the data transfer 
assembly 300 maintains a fixed position, while the carriage assembly 102 translates 
laterally across the data transfer mechanism 300 to enable the data transfer mechanism 
300 to read data from all of the annular tracks of the data storage medium 210. In other 
embodiments, both the carriage assembly and the data transfer mechanism may be 
movable. This may be advantageous, for example, to facilitate faster positioning of the 
data transfer mechanism to the desired track on the data storage medium. 

[0061] Moreover, in the embodiments described above, various steps are 
described as occurring sequentially during the loading process. In other embodiments, 
the various steps may be performed in different order, in parallel, or in partially parallel 
order. For example, the above-described shutter opener 130 opens the cartridge shutter 
220 as the cartridge 200 is being inserted into the carrier 104 and is actuated by the 
insertion force applied on the cartridge 200. In other embodiments, a shutter opener may 
be powered by a separate shutter opener actuator and the shutter opening process may 
occur at different stages of the loading process. 

[0062] Much of the discussion above was directed to the components 
illustrated in the figures as being closest to the viewer. It is understood that the data drive 
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assembly 100 may have a symmetrical design, such that various carrier loading assembly 
components on one side of the cartridge 200 have matching components on the other side 
of the cartridge 200. This can be seen, for example, in FIG. 9, where the opposite carrier 
cam 114' and the opposite drive door cam 3 11 ' are exposed due to the position of the 
carriage assembly 102. In the illustrated embodiment, the load plate 1 12 is U-shaped 
such that a portion of the load plate 112 extends on either side of the carrier 104. In other 
embodiments, the load plate 112 may be formed as two separate pieces on either side of 
the cartridge 200. It is to be understood that the carrier guide 120 and other components 
of the carriage assembly 102 may have similar or identical components on the opposite 
side of the cartridge. This may help to produce balanced loads during operation. In yet 
other embodiments, the two sides may have a different design. For example, all of the 
carrier loading assembly 110 components may be provided on one side of the cartridge 
200, and only a simple support structure provided on the other side. 

[0063] It is intended that the scope of the invention be limited not by this 
detailed description, but rather by the claims appended hereto. The above specification, 
examples, and data provide a complete description of the manufacture and use of the 
composition of the invention. Since many embodiments of the invention can be made 
without departing from the spirit and scope of the invention, the invention resides in the 
claims hereinafter appended. 
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